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ABSTRACT. -Venom neutralization properties and protein content of serum from 11 taxa of Lampropeltis were studied. Most serum samples contained 6.5% to 9.5% protein. , 1988) . Thus, while attention has been given to venom neutralization properties of serum from individual ophidian species, little attempt has been made to determine the spectrum of venom neutralization capacities of serum from different species of a given genus. Some members of the genus Lampropeltis fill a prominent ophiophagous niche, from North America to northwestern South America, and possess serum immunity against crotaline viperid venoms. We therefore compared venom neutralization properties of serum from 11 taxa of Lampropeltis with a representative selection of North American crotaline venoms.
MATERIALS AND METHODS
Sources of Sera and Venoms.-Captive-born (second or third generation) specimens of Lampropeltis g. getulus (two specimens, one male, one female), L. g. californiae (banded and striped phases, one specimen of each, female and male, respectively), L. g. floridana (two specimens, both males), L. g. holbrooki (one specimen, male), L. g. splendida (one specimen, female), L. alterna (one specimen, male), L. mexicana greeri (two specimens, one male, one female), L. ruthveni (one specimen, male), L. triangulum hondurensis (two specimens, both males), Pituophis melanoleucus sayi (one specimen, male), and Elaphe g. guttata (two specimens, one male, one female) were maintained on a weekly diet of either weanling or adult Swiss-Webster mice. Collected specimens were as follows: L. t. triangulum (three specimens, one male, two female, vicinity of Albany, New York) and Thamnophis s. sirtalis (four specimens, two male, two female, vicinity of Albany, New York), Crotalus s. scutulatus (one specimen, male, venom type A, Yuma, Arizona), C. atrox (>200 specimens, Archer County, Texas), C. adamanteus (one specimen, male, Tampa, Florida), Agkistrodon piscivorus conanti (one specimen, male, Tampa, Florida), and A. contortrix mokasen (three specimens, two females, one male, Frederick County, Maryland). A specimen of Rhinocheilus lecontei antonii (female) was from an unknown locality in Mexico. An additional specimen (male) of C. s. scutulatus (venom type B) and specimens of C. horridus horridus (two males) were of unknown provenience. The wild-caught specimens were maintained on the same diet as the captive-born specimens, and all of the snakes were exposed to a 12 h light/dark cycle. Blood samples were obtained by cardiac puncture with a 261/2 gauge needle. Snakes were fasted 2 to 3 weeks prior to drawing of blood samples and anesthetized with ketamine hydrochloride (50 mg/kg, intramuscularly). Freshly drawn samples were allowed to clot overnight at 4 C, centrifuged at 7500 rpm, and the serum was removed with a pipette. Any sample not used immediately was frozen at -25 C. Serum samples were not heated prior to assay.
Venom samples were extracted manually every 3 to 4 weeks, frozen immediately at -25 C and lyophilized. Lyophilized venoms were stored in the dark at 4 C, over desiccant. (Table 2 ). Lampropeltis g. splendida and L. g. californiae (banded phase) samples had lower protein levels (52 and 54 mg/ml, respectively). Serum samples from Elaphe g. guttata and Pituophis melanoleucus sayi had protein concentrations of 66 and 80 mg/ml, respectively. Serum from Rhinocheilus lecontei antonii and L. t. hondurensis had the highest and lowest protein concentrations (120 mg/mI and 47 mg/ml), respectively. Serum from specimens of L. g. floridana consistently showed hyperlipemia greater than that observed with the other serum samples.
Venom-neutralization Capacities of Sera from Lampropeltis, Elaphe, Pituophis, Thamnophis and Rhinocheilus.- Table 2 (Table 2) . Lampropeltis g. californiae (striped phase vs. banded phase).-Serum from these two phases of L. g. californiae exhibited markedly different venom neutralization properties (Table 2) . Even though both phases showed a broad spectrum of protection, serum from the striped phase had greater neutralization capacity for most venoms assayed ( Table 2 ). The banded phase had neutralization potential for C. v. helleri venom, while serum from the striped form had no such capacity (Table 2) . Serum from the striped phase neutralized S. m. barbouri venom more efficiently than any other serum tested (Table 2) .
Lampropeltis g. holbrooki.-Serum from this species provided particularly effective protection against venoms of C. v. viridis, C. horridus, and A. c. mokasen (Table 2) . Of all the serum samples tested, L. g. holbrooki and L. g. floridana serum had the highest neutralization capacities for A. p. conanti venom, and showed equal neutralization potentials for this venom (Table 2) . Serum from L. g. holbrooki and L. g. californiae (banded phase) had the lowest neutralization potentials for C. s. scutulatus (type B) venom (Table 2) .
Lampropeltis calligaster.-This serum was effective in neutralizing C. s. scutulatus venom type A, although the neutralization potential for this venom was about 25% less than that of L. g. getulus serum. Effective neutralizing capacity against C. s. scutulatus venom type B was also noted (Table 2) . Lampropeltis m. greeri.-Serum from this race of L. mexicana had relatively low neutralization potential for most of the venoms assayed (Table  2) .
Lampropeltis ruthveni. -This serum was one of only three samples that neutralized over 100 LD50 C. v. helleri venom per ml of serum (Table  2) .
Lampropeltis alterna.-This serum was the only sample assayed that had relatively moderate neutralizing potential for C. atrox venom, but had no capacity to neutralize C. adamanteus venom (Table 2) .
Lampropeltis t. triangulum.-In common with L. g. splendida and L. alterna, serum from L. t. triangulum had about 40% less neutralization potential for C. adamanteus venom than that of C. atrox (Table 2) The results of our study with Elaphe and Rhinocheilus sera, as well as the data of Philpot (1954) regarding E. quadrivirgata serum immunity, suggest that these genera may all share some degree of serum immunity against certain venoms. Venom-neutralizing serum proteins may be a trait conserved in the manner of some of the other biochemical and morphological characteristics outlined above.
Although many of the Lampropeltis sp. whose sera were investigated here, are sympatric with some of the venomous species whose venoms were included in this study, little relationship seems apparent between status of neutralization potential and feeding ecology. Although the dietary profiles of many Lampropeltis appear to lack venomous snakes as important prey items, it is probable that feeding ecology of a given isolated population is most important in the genetic expression of venomneutralizing serum proteins. The neutralizing proteins may be widespread among different Lampropeltis populations, due to conservation of a gene that evolved in a Lampropeltis ancestor during a period of heightened predation upon venomous ophidians. These proteins may be expressed in high concentrations among specific, isolated populations that still prey regularly upon venomous snakes.
Further study is warranted of venom neutralizing properties among colubrid genera. Other ophiophagus genera such as Drymarchon, Masticophis, etc. could be examined for venom neutralizing serum components and their relationships to those of Lampropeltis and Elaphe. Such investigations could characterize the proteins responsible for serum immunity, and determine their biochemical relationships among these genera. fresh water site. Hatchling snapping turtles were exposed to fresh water, 10, 20, 25 and 40% seawater (100% seawater = 35 ppt) for periods varying from 5 to 20 weeks. There were no significant differences in terms of salinity in growth optima between hatchling turtles obtained from contiguous habitats of differing osmotic stress. The estuarine group of turtles as a whole grew significantly better in brackish water (up to 25% seawater) as compared to fresh water. Comparison with hatchlings obtained from an inland fresh water site suggests that observed differences in growth in the estuarine group are due primarily to a marked inability to grow in fresh water rather than enhanced growth in saline water. Salinity did not affect the rate of oxygen consumption of the turtles. 
